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FOREIGNERS IN FRÖJEL?: A STUDY OF MOBILITY ON A VIKING AGE 
PORT OF TRADE IN GOTLAND, SWEDEN 
EMILY PESCHEL 
ABSTRACT 
 Ridanäs was an important port of trade on the island of Gotland, Sweden, in use 
during the 7-11th centuries, AD.  Excavations have revealed the presence of two Viking 
Age (800-1070 AD) graveyards containing over 80 individuals.  This study examined the 
remains of 60 of these individuals buried in the Viking graveyards.  Strontium isotope 
analysis was used to determine whether they were local or non-local to the trading port.  
It was hypothesized that the Ridanäs population would consist of locals and non-locals 
who came to Gotland to take advantage of its successful trade economy. 13 
archaeological fauna samples were analyzed in order to define the local bioavailable 
strontium isotope baseline range.  Results showed that only 4 of the 60 individuals were 
non-local to Gotland, indicating that non-locals did not seek long-term residency at this 
port of trade.     
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CHAPTER 1: INTRODUCTION 
 
The Study of Viking Mobility at Fröjel, Gotland 
The purpose of this project was to investigate the occurrence of migration at the 
Viking Age trading port of Ridanäs, on the island of Gotland, Sweden.  Migration was 
investigated through strontium isotope analysis to determine the origin of individuals 
buried at Ridanäs.  This project examined 60 individuals from two of the cemeteries, 
located at the northern end of the town and on the southern outskirts of the town, that 
have thus far been discovered through excavation.  It was hypothesized that the Ridanäs 
population, 60 of whom are included in the strontium isotope analysis, consisted of locals 
and non-locals who came to Gotland to take advantage of the economic prosperity that 
occurred at Viking ports. It is argued that a geochemical and bioarchaeological 
investigation of migration at this port-of-trade will further our understanding of Gotland’s 
economic and social role in Viking Age Scandinavia.  
The topic of mobility is commonly discussed in the field of Viking archaeology.  
Vikings ventured far and wide, and, as such, it has been argued that Viking archaeology 
is by nature “a migrationist archaeology” (Moberg, 1981:215).  Indeed, for a society 
renowned for their longboats and overseas military prowess, understanding the 
mechanisms of mobility certainly is vital to the understanding of their society as a whole.  
The archetypical image of a Viking raider, sailing from Scandinavia to the shores of 
England, encompasses only one aspect of Viking Age mobility: Vikings were savvy 
traders, forming trading routes across Scandinavia, the Baltic Sea, and even into the Arab 
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Empire.  Furthermore, Vikings were explorers—the first to settle on Greenland and the 
Faroe Islands, and they voyaged to North America before the arrival of Christopher 
Columbus.  From explanations of Viking expansion (Burmeister 2000; Ferguson 2009; 
Hofstra and Samplonius 1995; Kurrild-Klitgaard and Svendsen, 2003; Olsen, 1961; 
Oxenstierna, 1967; Sawyer, 1997) to the immigration of individuals (Price and Gestdóttir, 
2006; Price et al., 2011; 2012; Speed et al., 2004), the study of Viking mobility provides 
insights into Viking cultural, social, and economic strategies.    
This study focuses on the island of Gotland, which lies about 56 miles southeast 
of Sweden.  Gotland, Sweden’s largest island, was an epicenter of trade during the 
Viking Age.  Gotlanders were able to use the island’s convenient location between 
landmasses in the Baltic to their advantage in the exchange network.  Gotland was an 
archaeological treasure trove: artifacts from this island provide evidence of its 
inhabitants’ contact with much of their known world at the time (Figures 1.1-1.3).  
Hundreds of silver hoards and thousands of artifacts dating to the Viking Age have been 
found here (Rundkvist 2003).  Excavations that took place from the 1980s to the early 
2000s in the modern town of Fröjel, Gotland, unearthed the Viking Age trading port of 
Ridanäs, so named because this name appears on historical maps (Carlsson, 2008). Trade 
was an integral part of Norse economy, and trading centers like Ridanäs developed to 
take advantage of the economic prosperity that came with extra-local exchange.  
Excavations at Fröjel clearly show urbanization and a strong exchange network had been 
in place (Carlsson, 2008).   
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Figure 1.1 This hoard found in Hon, Norway, contains Arabic, Byzantine, English, and 
Frankish coins, brooches from Francia, and neck-rings most likely from Russia 
(Sawyer, 1997: 15) 
 
 
 
Figure 1.2 This necklace found in a Gotland hoard has elements of Slavic style.  Such 
pendants are not found in Slavic hoards, suggesting that this item was crafted in Gotland 
(Noonan, 1997:143).   
	  	  
4 
 
 
Figure 1.3 This pendant is another artifact made in Poland or Russia brought to Sweden 
(Noonan 1997:143).  
 
Previous bioarchaeological studies have shown various frequencies of foreigners 
in Viking communities.  A strontium isotope analysis of individuals from a Viking 
trading port in Denmark demonstrated the presence of some non-locals amidst the local 
population (Price et al., 2012).  Another bioarchaeological study of a Viking 
establishment showed the presence of many other non-locals (Price et al., 2011).  These 
non-locals may have been other Scandinavians, such as mainland Swedes or even Danish 
and Norwegian Vikings.  Non-Scandinavian trading partners, such as Russians from the 
east, could be possible foreigners at this trading site, because of their extensive contact 
with the Russian communities.  Identification of the origins of foreigners at Ridanäs will 
shed new light on the extent to which foreigners traveled to Ridanäs.  In addition, the 
presence of foreigners in a Viking cemetery would indicate a certain amount of 
integration of foreigners into Viking society.  
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Determining the origin of an individual is part of determining the identity of that 
individual.  Residential mobility can elucidate our understanding of social life in past 
cultures, such as the ways in which individuals are integrated into a community (Knudson 
and Stojanowski, 2008).  Integration reflects the social structure and the rules that govern 
a society (Stojanowski and Schillaci, 2006).  For example, a lack of foreigners might 
suggest that the Gotlandic Vikings were hesitant to let others exploit their lucrative ports.  
Conversely, the demographics of the foreigners may lead to indications of specific 
mechanisms for mobility.  Significant differences in ratios of male to female foreigners 
could be indicative of marriage as a mechanism of mobility (Haak et al., 2008; Sjögren et 
al., 2009; Slovak and Paytan, 2011).  Young, robust, males could indicate recruitment of 
individuals for the military (Price et al., 2011).  Study of the origins of the individuals of 
Viking burials can contribute to our understanding of Norse culture on Gotland and of the 
Ridanäs people’s rules of society and relationship with those around them.    
Archaeological Studies of Mobility 
The study of movement and mobility in archaeology is integral to studies of 
identity, because it can distinguish between locals and non-locals or different populations 
(Bethard, 2013; Knudson et al., 2004; Price et al., 2011; 2012; Tung and Knudson, 2011; 
Turner et al., 2009).  Classic studies concerning migration in archaeology often use 
changes in design and shape of objects of material culture, such as pins or brooches—
common finds in Viking archaeology—or even architectural styles, to show the influence 
of or presence of foreigners (Burmeister, 2000; Hunter, 1975; Naum, 2012; Sabo and 
Sabo III, 1978; Slovak and Paytan, 2011).  For example, Speed and colleagues (2004) 
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investigated the origins of an individual buried with Viking artifacts in South Yorkshire, 
England.  These artifacts included oval brooches with adhering textiles, also a knife, key, 
and bowl of distinct Viking origin.  A lone Viking burial in England, especially of a 
woman, however, is rare, which made the authors question whether or not this individual 
was actually of Viking origin.  To confirm that the burial was indeed that of a Viking, the 
authors performed strontium isotope analysis on the enamel of one of her teeth.  The 
results of this analysis suggested the individual was born in Norway rather than England, 
confirming that the individual had immigrated to England from Norway.   
In addition to migration, trade and diffusion can also shape designs and styles of a 
culture.  Determining among these three mechanisms of material culture change remains 
a topic of research in archaeological studies (Burmeister, 2000).  Foreign presence in 
Scandinavia may have influenced Viking material culture (Baum, 2012; Cameron, 2011) 
and evidence of cultural influences can be seen in the changing styles of typical Viking 
objects.  For example, the style of the penannular brooch of the British Isles was 
replicated in Norwegian communities, indicating continuous contact between the native 
isle inhabitants and the Vikings (Glørstad, 2012).  Foreign artifacts may not, therefore, be 
directly related to the permanent residence of non-locals in an area.  As such, using 
artifacts associated with individuals in burial contexts will not always elucidate the actual 
cultural origins of that individual.  In Viking archaeology, foreign coins are generally 
considered evidence of long-distance exchange (Thurborg 1988), so their presence in the 
graves of individuals generally does not equate with foreign origin of said individual.  
While coins do indicate that contact with another culture was likely, it does not prove that 
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these individuals resided long-term in Viking societies.  As Cruz (2011:337) notes, 
“while objects should be viewed as intercultural artefacts, they may not perform ethnic 
identity at all.”  Therefore, the study of migration and mobility cannot be accomplished 
solely through material culture analysis (Burmeister, 2000; Slovak and Paytan, 2011; 
Quast, 2009).       
Bioarchaeologists investigate the movement of individuals and populations in 
many ways, including biological distance analysis of odontoskeletal metric dimensions 
and non-metric traits.  Analyses both of metric dimensions and non-metric traits are often 
used to determine the phenotypic relationship of populations (Buikstra et al., 1990; 
Konigsberg, 2006; Leach et al., 2009; Scherer, 2007; Stojanowski and Schillaci, 2006).  
Studies of biodistance measure population divergence based on polygenic traits, which 
have an environmental and genetic component (Buikstra et al., 1990).  Variations in bone 
or tooth shape are thought to have high heritabilities, meaning these traits have high 
genetic variability in comparison to environmental variability (Buikstra et al., 1990; 
Stojanowski and Schillaci, 2006).  Heritable traits of skeletal populations, however, rely 
on assumptions that may not accurately reflect the heritability of a skeletal trait (Carson, 
2006; Stojanowski and Schillaci, 2006).  
Strontium Isotope Analysis 
While biological distance studies of non-metric traits can elucidate genetic 
distances among people in a population, they cannot always reveal the source of genetic 
similarities or the direction of population movement (Knudson et al. 2004). Strontium 
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isotope analysis in recent decades has become a commonly used tool of determining 
mobility.    
Strontium (Sr) is present in the bedrock that comprises the foundation of the 
Earth.  The isotope 87Sr is formed over time from the radioactive decay of Rubidium 
(87Rb) and is usually measured as a ratio to the stable isotope 86Sr (Bentley, 2006).  This 
ratio is a useful geochemical tracer as it is informative of the age of the rock.  A high 
ratio, greater than 0.7200, indicates geologically old rocks, over one billion years old, 
such as granite.  Younger rocks, like basalt, yield lower isotope ratios, under 0.7050 
(Buzon and Simonetti, 2013).  Strontium in bedrock is released into the environment 
through processes such as weathering and as humans ingest water, plants, and animals, 
strontium is incorporated into their skeletal structure (Bentley, 2006).  Studies have 
shown that the strontium isotope ratio of 87Sr/86Sr found in human bones mimics the local 
geology of where that individual lived (Bentley, 2006; Slovak and Paytan, 2011).  This 
relationship is what makes strontium isotope analysis possible in bioarchaeological 
contexts.   
Humans absorb strontium through ingestion of groundwater, plants, and animals 
(Bentley, 2006).  Since strontium has an ionic radius that is only slightly larger than that 
of calcium, in addition to a similar molecular structure, it can act as a substitute for 
calcium in apatite, an important mineral in bone formation (Bentley, 2006).  Strontium 
that is absorbed replaces some calcium in bones and enamel.  Furthermore, because of the 
small mass of differences of the strontium isotopes, there is no isotopic fractionation 
through biological processes (Bentley, 2006; Bethard, 2013; Buzon and Simonetti, 2013), 
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which permits a direct comparison between the isotopic ratios in bedrock and in human 
bone tissue.   
Bones develop at different rates during life as bone is remodeled.  Tooth enamel, 
however, forms in vitro and during childhood. Once enamel development is complete, it 
does not remodel during an individual’s life (Slovak and Payton, 2011).  The isotope ratio 
on tooth enamel, therefore, reflects the underlying bedrock of a person’s place of birth 
and childhood.  For example, enamel on the first permanent molar begins to mineralize at 
about 30 weeks gestation and is completely formed by age three, thus reflecting strontium 
isotopes present in their birthplace and childhood (Slovak and Paytan, 2011).  Enamel of 
most teeth is fully developed by age 12 (Bentley, 2006) making dentition a possible 
indicator of childhood location.  In addition, unlike bone, mineralized tooth enamel is 
robust and highly resistant to diagenetic contamination. As such, enamel is an ideal tissue 
source of strontium in bioarchaeological contexts (Bell et al., 2001; Bentley, 2006; Budd 
et al., 2000).   
Strontium isotope analysis was pioneered originally for geological studies but in 
recent years it has become a useful tool in determining mobility and migration among 
ancient people (Bethard, 2013; Bentley, 2006; Ericson, 1985).  Rather than revealing 
heritability of traits, this type of analysis can establish where an individual was born.  
Strontium isotope analysis can, in fact, be used to map the mobility of an individual over 
his or her lifetime by using different bones of the body (Bentley, 2006).  Strontium 
isotope analysis has been used effectively in studies in various parts of the world 
(Knudson et al., 2004; Knudson and Tung, 2011; Knudson et al., 2013; Leach et al., 
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2009; Montgomery et al., 2003; Price et al., 2011; 2012; Sjögren et al., 2009; Buzon and 
Simonetti, 2013).  It also has uses in modern forensic cases, in that it can help identify the 
origin of an unidentified corpse (Rauch et al., 2007).   
The present study used these concepts to investigate the origins of 61 individuals 
discovered during the excavation a Viking age port of trade in Fröjel, Gotland.  The 
enamel of one tooth from each individual was analyzed to determine whether the 
individual was local or non-local to their place of burial.     
Challenges in Viking Archaeology 
A primary conundrum with Viking archaeological research is that there are few 
written sources from Scandinavia that are contemporaneous with the Viking Age.  There 
are no records from the Viking perspective describing daily life, social conditions, or 
raids, since the Latin alphabet did not reach Scandinavia until Christians introduced it in 
the twelfth century (Williams, 2008).  The Vikings used an alphabet based on runes.  
This script was in use from at least the 2nd century AD (Page, 2001).  Their writing 
system was basic, comprising only 16 runes that could be combined in various ways to 
create words and phrases (Williams, 2008).  Runestones are popular symbols of Viking 
culture, but they provide limited information.  Runestones and other forms of runic 
writing are found all over Scandinavia, but most commonly on memorials to the 
deceased: the formulaic memorial inscriptions describe who was buried and by whom 
and how these individuals were related (Andrén, 2013; Williams, 2008).  Furthermore, 
runic inscriptions are often of memories, which are difficult to interpret into historical 
fact (Andrén, 2013).  Such inscriptions are not revealing of the society as a whole, but the 
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study of runic inscriptions is gaining interest and could lead to new discoveries as more 
runic codes are cracked (Williams, 2008).  
The most abundant source of written information about the Vikings comes from 
those who interacted with them, primarily during raids.  These sources are often from 
Christian writers who viewed Vikings, who were pagans, as barbarians (Sawyer, 1971; 
1982).  Accordingly, the sources are extremely biased against the Vikings and, as such, 
the Viking Age was recorded in history as a time of barbaric cruelty, despite the fact that 
Anglo-Saxon culture during this time was similarly violent (Coupland, 2003; Sawyer, 
1997).  Hence, the theme of many of these writings promoted a religious war against the 
pagans who threatened the sanctity of Christianity (Ferguson, 2009).  Further adding to 
the bias against the Vikings is that most of the Christian writers were victims of Viking 
raids.  These sources, therefore, should be considered with such biases in mind.   
Unfortunately, the usual descriptor of these Norsemen is a caricature of a dynamic 
and spectacular Scandinavian culture (Cederlund, 2011; Coupland, 2003; Damell and 
Modin, 1979; Holmqvist, 1979; Sawyer, 1971).  The term Viking today conjures images 
of men wearing their (fabled) horned helmets sailing iconic longboats, and few are aware 
of their expansive trade networks, the founding of Russia, or the first European 
settlement in North America.  Vikings often set out on seafaring voyages, but, more often 
than not, with trade and settlement as their intent (Näsman, 2000).  The archetypal Viking 
longboats are incorrectly associated with raiding and looting, as many were designed 
specifically as vessels of trade.  Promisingly, repudiating misconceptions about the 
Vikings has recently gained interest in Scandinavian research (Cederlund 2011, Näsman 
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2000).  It is hoped that this research will contribute to a more complete understanding of 
Viking migration and mobility.   
This introduction to the use of strontium isotope analysis as a tool for this study of 
residential mobility in the Viking period will followed by a more complete description of 
the use of biochemistry to investigate ancient mobility.  Strontium isotope analysis can 
reveal the presence of foreigners, and it is expected that a presence of imported goods 
will reflect the presence of non-local individuals.  Specifically, the results of the 
strontium isotope analysis will be presented with a discussion of what these results tell 
about Viking mobility on the island of Gotland.   
The next chapter begins with an abbreviated version of Scandinavian history from 
the Iron Age through the Viking Age.  Through a span of 300 years and covering a wide 
area of Europe, the Viking Age is an understandably complex and there remain 
significant gaps in our knowledge of this era.  Despite their repute in pop culture, less is 
known about the Vikings compared to other societies of their time, which is in part 
because of the aforementioned lack of historical written sources (Sawyer, 1997).  In 
particular, the second chapter will focus on mechanisms of Viking expansion and the role 
that trade played in Viking mobility across much of the globe.   
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CHAPTER 2: LITERATURE REVIEW 
 
The Viking age of Scandinavia is generally dated from 780-1070 AD.  The people 
of the Viking era originated in what is now Scandinavia: the countries of Sweden, 
Norway, and Denmark (Figure 2.1).  It was during this time period that the Vikings made 
their indelible mark in history with their infamous raids, trade, and settlement.  These 
remarkable long-distance sea voyages are what separated the Viking age from earlier 
Norse culture and brought Scandinavia to the forefront of attention in Europe (Wilson, 
1970).  The following section presents a brief background on Scandinavian history, from 
the Iron Age through the end of the Viking age.   
 
 
Figure 2.1 Modern-day Scandinavia and surrounding countries. 
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Pre-Viking Scandinavia 
The Scandinavians of the 3rd and 4th centuries were socially stratified and 
participated in trade.  On the island of Helgö in Lake Mälaren, Sweden, archaeologists 
uncovered what they determined was a major port (Lundström, 1978).  Helgö may have 
been an important center of trade and metalworking from 400-550 AD.  The main metal 
products were brooches, clasp buttons, and dress pins.  These objects have been found 
distributed around the shores of the Baltic Sea, including the southern Baltic region.  
During the excavation, archaeologists also found artifacts from Coptic Egypt and other 
important Iron Age artifacts such as bronze, silver, and glass vessels from the Late Iron 
Age.  Other uncovered artifacts originated from as far away as India in the East and 
Ireland in the West.  Helgö may even have had a defensive system.  Likewise, some 
settlements in Denmark showed increased rampart construction to aid in controlling the 
commercial traffic.  This control allowed rulers to impose a tax on the traders coming 
through this region.  Such tax imposition was a common way for the elite to generate 
revenue (Forte et al., 2005).   
There is debate over the political and economic bases of kingship in Scandinavia 
during the Iron Age.  What historians know about how these early petty kings interacted 
with one another was deduced from archaeology and Roman sources from that time 
(Forte et al., 2005).  These documents describe several tribes and chieftains and indicated 
that these tribes were consistently at war with one another.  Chieftains in Scandinavia 
during the Iron Age were probably wealthy because of the high productivity of their land.  
Land not only provided subsistence to the tribes, but also produced a surplus that could 
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be sold to the Roman market.  This wealth enabled chieftains to be full-time professional 
warriors; wars were centralized and it was the duty of the chieftain or king to supply 
weapons to his warriors.  Although many of the petty kings desired to rule their 
neighboring lands, one of the most important responsibilities of the early Scandinavian 
kings was to keep the peace between neighboring villages, especially in trading centers 
(Forte et al., 2005).  By the end of the Scandinavian Iron Age (around 700 AD), 
mechanisms of trade and control of goods to generate revenue were in place that 
continued into the Viking Age.  The main difference between the Iron Age and the 300 
years that followed had much to do with mobility.        
In the late 8th century, the Norse men of Scandinavia abruptly and violently made 
their presence known to the European world.  In 796, a group of Danish Vikings attacked, 
pillaged, and looted an English monastery, Lindisfarne. This unexpected and barbaric 
display could be considered the beginning of the Viking Age.   
The Viking Age 
By the 9th century, multiple Norse kings ruled across Denmark, Norway, and 
Sweden.  Early Viking kings vied for control of land; unifying leaders had not yet 
emerged from the petty kings.  The power of a king was determined by his wealth and his 
esteem among lesser nobles (Forte et al., 2005).  Wealth was secured by military exploits, 
thus a Viking king needed to be able to gather and control an army.  Wealth, in return, 
secured the army’s loyalty, for a Viking king’s first duty was always to pay his soldiers 
after an exploit (Ferguson, 2009).  Because of the direct contact that Norwegian and 
Danish kings had with Christian Europe, these kings were included in much of the 
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European writings of the time.  Kings of Sweden, unfortunately, are rarely mentioned, 
and much knowledge of Swedish kings comes from archaeological evidence alone 
(Sawyer, 1982).   
The Viking longboat has become the prime symbol of Viking culture.  The 
significance of these vessels during the Viking Age cannot be over-emphasized.  Raiding, 
expansion, and settlement would not have been possible without these pioneering vessels.  
Viking longboats were faster than any other vessel of the time and today are still 
considered a technical marvel (Bruun, 1997).  These innovative ships were gradually 
perfected in a span of centuries.   Indeed, shipbuilding in Scandinavia began as early as 
320 AD (Bruun, 1997).  The early ships were driven by oars; sails had not yet been 
invented or introduced.  Though sails were commonly in use in Western Europe long 
before, Scandinavians did not incorporate sails until around 700 AD.  Development of the 
sail allowed Vikings to travel long distances across the sea.   
There were two main types of vessels: the warships and the trading vessels, called 
knorr.  Warships were long and narrow with small hull depths and could be used in the 
open sea as well as in rivers.  A warship was easily maneuverable, with both sails and 
oars for navigation and speed.  Importantly, Viking warships were designed to be 
incredibly fast.  Trading vessels, on the other hand, were designed for purposes of 
carrying large amounts of cargo.  Knorr ships did not have as many oars as the warships 
because speed was not a priority.  Another type of vessel of the Viking Age was built 
purely for burial purposes.  They were highly decorated, but not as strong the knorr or 
warship (Bruun, 1997).    
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The raids of the Viking Age are particularly popular in modern perceptions of the 
Vikings but comprised only a small fraction of Viking culture.  Many Vikings were not 
warriors but farmers who spent most of their lives on and around their family farms.  
Others were merchants or craftsmen committed to the trade economy.  Viking society 
was highly differentiated; craft specialization, such as carpentry or leatherwork, occurred 
in even the most rural areas (Damell and Modin, 1979).  Only for a portion of the 
population and for the summer season would Vikings be involved in oversea voyages, 
including raids or trade.    
When Viking men were not participating in ventures abroad, craft production, or 
working on their farms, they enjoyed leisure time in a variety of ways.  Kings provided 
feasts for various social and religious observances.  These events bound the communities 
together as they worshipped, feasted, and celebrated together.  Celebratory eating and 
drinking was commonplace in Viking culture (Gardeta, 2012).  They drank beer, mead, 
and wine, and men and women participated in drinking competitions.  In their leisure, 
Vikings enjoyed singing and playing instruments; flutes made of bone, in particular, are 
often found in the archaeological record.  Tests of strength and agility, including 
swimming, skiing, and ice-skating, were common activities.  Oar walking, as famously 
depicted in the 1958 film, The Vikings, involved walking across oars as they were being 
rowed.  Ball games were played by adults and children alike.  The archaeological record 
also reveals children’s toys, such as wooden horses or boats (Gardeta, 2012).  Making a 
living during the Viking Age required hard work, but for many, life was without 
violence.   
	  	  
18 
So far in this chapter it has been implied that the Scandinavians of Sweden, 
Norway, and Denmark were part of one culture during the Viking Age.  Indeed, the 
Vikings shared the same socio-political organization, laws, art, and language, religion, 
and overall culture.  Such cultural fluidity makes it possible for one to speak of “the 
Vikings” as one cultural group.  Even foreigners to Scandinavia during the Viking Age 
described them as such, making distinctions based on kingship alone (Jones, 1984).  
Class organization of the Vikings was divided in the same manner across Scandinavia: 
there were thralls (slaves), freemen, and their rulers, though minor variations probably 
did exist (Jones, 1984).  The Vikings ethics code was based on the opposition of honor 
and shame; the Old Norse gods were not judges of good morals.  Scandinavians in all 
Viking countries worshipped the Norse gods Odin, Thor, Freya, and Loki, for example. 
Yet the Vikings were never ruled by a single king at one time.  Despite their cultural and 
political similarities, there were divisive Viking polities.   
The Vikings can be divided into three groups: the Danes, the Norwegians, and the 
Swedes.  Geographical location of these groups is loosely the same as the modern 
Scandinavian countries of Denmark, Norway, and Sweden.  Unfortunately, the history of 
many of the Viking kings, and even the number of them present in Scandinavia, is not 
well documented, again, because of the absence of written records.  The more famous 
kings such as King Cnut the Great or King Harald Bluetooth managed to gain rule over 
large parts of Scandinavia and were recognized throughout Europe.  Their names have 
endured on runestones or in contemporary written records.    During much of the Viking 
Age, however, petty kings, rather than absolute monarchs, ruled over Denmark and 
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Norway.  The political situation in Sweden can only be assumed to have been similar to 
what existed in Denmark and Norway; Sweden has the least historical information of its 
Viking kings (Jones, 1984).  Generally, kings desired more land to accumulate more 
wealth, as well as more men to participate with seafaring voyages that led to more 
wealth, whether through raiding or trading (Jones, 1984).    
Intra-Viking relationships were often peaceful and cooperative.  Vikings were 
free to move from one country to the next to work, trade, fight, marry, and live their lives 
(Sawyer, 1982).  Often, during large undertakings such as raids or other long-distance 
voyages, Vikings would call upon one another for assistance.  For example, a runestone 
in Denmark commemorates the Swedish Vikings for helping the Danish Viking kingdom.  
Another record tells of an exiled Swedish king who successfully recruited Danes to help 
him win back his kingdom (Sawyer, 1982).  But Viking kingdoms were not always 
peaceful with one another, and situations could turn violent.  Hostilities and forceful 
confrontations arose from territorial disputes, often leading to bloody battles over land 
that resulted in a large number of fatalities (Jones, 1984).  Intra-Viking conflicts occurred 
until the end of the Viking Age.  In the year 1064 AD, Danes and Norwegians signed a 
treaty recognizing the independence of one another that ended centuries of changes in 
power dynamics between the two countries (Jones, 1984).   
The Viking Age ended in the late 11th century.  The final end date is most 
commonly given between 1050 and 1070 AD, but an exact date is, for the most part, 
arbitrarily chosen because the end of the Viking Age occurred gradually.  By this time, 
the majority of Scandinavians, especially the kings and upper-class individuals, had 
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abandoned the Old Norse gods in favor of Christianity.  Even by the late Viking Age, 
some Viking kings had declared Christianity the new religion (Jones, 1984).  Viking 
kings could no longer keep their subjects compliant with military expeditions.  Danish 
and Norwegian kings did not last on the throne long: many were driven out, killed, or 
deserted by their own subjects (Jones, 1984).  The new chieftains that took their place did 
not participate in military exploits or expeditions abroad; rather, they worked closely with 
bishops and lower-ranking rulers to maintain power and peace within their geographical 
border (Jones, 1984).  The seafaring voyages in general gradually came to a halt.  
Expansion, the hallmark of the Viking era, had come to an end. 
Viking colonization was unsuccessful in some ways because the Vikings had 
difficulties dominating territories while maintaining their homelands.  Viking social and 
religious customs did not spread to new cultures in the way that Christianity did.  An 
overall lack of manpower also probably influenced the end of expansions (Jones, 1984).  
Despite the changes in religious and political organization, however, life for an average 
Scandinavian after the Viking Age changed little.  Agriculture and animal husbandry 
continued as it had for centuries past.  Houses and ships were built the same way, fashion 
changed little, and life in general presented no great difference between the Viking Age 
and the subsequent Middle Ages in Scandinavia (Jones, 1984).  While we can mark the 
end of a historical era, a Viking would not have known his time had come to an end.        
Danish and Norwegian Vikings and the Raids 
One of the largest distinctions between Norwegian, Danish, and Swedish Vikings 
is the destination of their sea-faring voyages and their purposes of travel.  Danish and 
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Norwegian Vikings preoccupied themselves primarily with land to the West and South 
while Swedish Vikings made their way East across the Baltic and beyond. 
Discussion must again return to the Viking raids, which were mounted primarily 
by the Danes and Norwegians.  The first raids in the late 8th and early 9th centuries were 
led by the Danes and targeted English monasteries.  These monasteries lacked defense 
but housed incredible wealth, including silver, gold, and agricultural stockpiles (Pearson, 
2006).  Viking longboats were so quick that by the time the inhabitants of the monastery 
noticed their ships, the Vikings were already close to shore.  Monasteries were allowed 
very little time to prepare a defense.  When the Vikings had taken their fill of loot, which 
sometimes included monks to sell as slaves (Pearson, 2006), they sailed away on their 
vessels as quickly as they had come.  The Danes primarily established bases on the East 
coast of England while Norway settled on the West coast.  Ireland was initially raided 
and inhabited by the Norwegian Vikings who made a base at Dublin.  During the latter 
half of the 7th century, numerous violent confrontations occurred between the 
Norwegians and the Danes for control of Dublin and England as a whole.       
Viking raids involving killing, pillaging, and capture, occurred infrequently.  The 
cold winter season was not suitable for long-distance sailing so raids were seasonal 
events (Jones, 1984).  In England and Ireland there was, on average, less than one raid 
per year over a period of 34 years.  In addition, monasteries, cities, or other settlements 
that were raided were never completely destroyed.  Some were abandoned for fear of the 
Vikings return, but most settlements continued with their livelihoods after a raid.  
Archaeological evidence does not show any sites of Viking attack that were fully burned 
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to the ground (Pearson, 2006).  Furthermore, extensive damage to such settlements would 
not have been economically strategic for the Vikings.  To completely destroy a site would 
obviate its availability for plunder in later years. 
The hit-and-run tactic of the Vikings lasted until the mid-9th century as they 
focused on vulnerable shores.  Eventually, settlements grew wise to Viking attacks.   
Until the late 9th century, Frankish kings did not allow their cities to fortify themselves 
for fear that local magnates would rebel and turn the city against the crown.  Frankish 
towns were therefore left defenseless, making them easy targets for the Vikings.  
Eventually, the no fortification policy was dropped at the end of the 9th century, and raids 
were largely unsuccessful hereafter.  In 892 the king of western Francia offered a tribute 
to the Danish Vikings to permanently withdraw from Francia, which effectively marked 
the end of Viking threat there (Forte et al., 2005).  
While Danish Viking presence was most strongly felt in England, the Norwegian 
Vikings were adventurous sailors, settling not only in Western Europe (Shetland, 
Orkneys, Scotland) but also in the Faroe Islands, Iceland, Greenland, and, albeit briefly, 
North America around the year 1000 AD.  These new lands were full of promise for the 
Vikings: unoccupied and expansive, they were ideal for settling families and their 
animals, and held a promise of profitability (Jones, 1984).  Norway, the most northern of 
the Scandinavian countries, had a strong fishing economy and continued dependence on 
marine resources.  In Shetland, there is evidence Norwegian Vikings may have 
implemented large-scale commercial fisheries.  The Viking settlements in Iceland were 
completely dependent upon marine species; Greenland settlements were dependent upon 
	  	  
23 
migratory seals.  The Norwegian Vikings also participated in long-distance trade with 
walrus ivory and other luxury goods found in the arctic (McGovern, 1990).  Likewise, in 
Shetland the settlers depended on farming and fishing (Hamilton, 1951).  The Vikings 
first colonized the Faroe Islands around 800 AD, where the marine resources of the 
archipelago were enticing to the newcomers, although most newcomers were farmers and 
practiced animal husbandry (Arge et al., 2005). 
Swedish Vikings and the East 
The Vikings in Sweden set their sights on land east of the Baltic Sea (Figure 2.2).  
Raiding was much less common to the east across the Baltic than it was for the Danish 
and Norwegian Vikings voyaging to the south and West.  While Western Europe was 
home to defenseless settlements and monasteries on wide-open shores, Vikings 
attempting to penetrate Russia were faced with narrow rapids, heavily wooded portages, 
and attacks from bands of local tribes.  Not only was there a lack of easily lootable goods, 
but the crux of successful Viking raids—sudden unexpected attacks and quick retreats—
would not have been possible in the eastern landscape.  Thus, the main emphasis for the 
Swedish Vikings was trade, particularly in the east.    
Excavations on Estonia revealed the presence of a Scandinavian colony inhabiting 
the coastline as early as 650 AD.  It was determined from examination of brooches and 
belt-buckles found as grave goods that were of typical Gotlandic style that these 
Scandinavians were most likely from Gotland, Sweden.  By the end of the 9th century, 
female graves were scarce in this settlement, which suggests eventually it became less of 
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a familial location and was used primarily as an interim location for Viking merchants 
(Ferguson, 2009). 
 
 
FIGURE 2.2 Gotland’s location in the Baltic Sea. 
 
Though all Scandinavian countries were strong participants in the trade economy, 
Sweden’s trade network was the most expansive.  The Vikings made use of three large 
rivers in the central Russian plateau, the Western Dvina, the Dneiper, and Volga.  These 
rivers formed the main passage of travel through a complex system of rivers and lakes, 
with short portages of no more than 20 kilometers (Ferguson, 2009).  The two main 
routes in this network were the Baltic-Dneiper and the Baltic-Volga (Figure 2.3), which 
provided access to the Christian city of Constantinople and the Muslim trade centers of 
the Arab world (Ferguson, 2009), both with strong and lucrative trade markets.  
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Figure 2.3 European Russia in the 9th and 10th centuries, with locations of Viking 
settlements, including Novgorod and Lagoda (Noonan, 1997: 136).  
 
 Ultimately, a main target of the Viking eastbound travels was the trading market 
in Constantinople.  The voyage to Constantinople was long and required stops along the 
way (see again Fig. 2.3).  During the first stage of the journey, Vikings sailed through the 
Gulf of Finland to the southern shores of Lake Lagoda, which connected to the river 
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Volkov.  This initial stage of the journey was doable with sea-faring ships, but smaller 
ships were required for the inland portages.  As early as the 8th century, there was a 
staging post on Lagoda where ships could be repaired and Vikings could prepare for the 
second part of the journey south, or for their return voyage to Sweden.  Larger sea-faring 
ships and smaller, more maneuverable ships were switched here depending on the 
direction of travel.  The oldest cultural layer at Lagoda dates to the 760s, with artifacts 
matching those from Birka, a prominent trading center in Sweden.  The presence of 
children’s toys suggests that families lived in Lagoda as a permanent location (Ferguson, 
2009).  Two additional settlements existed along the Volkov River to the south:  
Gorodisch, the primary function of which was to guard the approach to Lagoda, the other, 
Novgorod.   Novgorod was a trading center with amber, arrows, swords, wax, honey, 
walrus tusks, furs, falcons, and slaves that the Vikings would bring to the Islamic markets 
down south (Ferguson, 2009). 
 The trade of goods for silver was integral to the Swedish Viking economy.  Each 
household had to pay an annual tax to the king, much of it in the form of silver.  From the 
Islamic markets, the Vikings brought back with them silver Islamic coins called dirhams.  
Over 84 thousand silver coins have been found in Sweden, 65 thousand of which have 
been found on the island of Gotland (Ferguson, 2009).  Silver hoards are deposits of 
silver ranging from two pieces to thousands of pieces, buried in the ground.  The majority 
of silver coins on Gotland were found in this context, although the reason for the silver 
hoards is yet to be explained by archaeologists (Sawyer, 1997).  Silver finds are 
interpreted as evidence of trade, although it is possible that silver coins and other silver 
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objects could have been forcefully extracted during raids or paid as a tribute, rather than 
as a product of trade (Sawyer, 1982).  There are, however, certain characteristics of much 
of the silver that strongly suggests use in trade, such as hacksilver—silver that has 
presumably been cut to obtain some definite weight.  Many of the silver dirhams were 
found cut into fractions, which indicates the need for precise amounts of silver for trade 
(Sawyer, 1971).  Vikings appreciated silver only at its face value; weight and content of 
the silver was important, but not the manner in which it was manufactured (Ferguson, 
2009).  There was a strong demand for silver because it was a readily transportable 
wealth (Noonan, 1994).   
Trade with the Arabic world may have begun as early as 786, the date of the 
earliest silver dirham found at Lagoda.  Even by the 830s, however, the trade routes of 
the Baltic-Volga and Baltic-Dneiper were not fully secure (Ferguson, 2009).  It was 
written in the Russian Primary Chronicle, a primary source from the 12th century, that a 
Viking named Rurik and his relatives were responsible for ruling over the Rus in that 
area.  The Chronicle describes how Rurik attacked Constantinople three times in the first 
half of the 10th century.  After the third attack in 943, Constantinople surrendered to the 
Viking terms of a tribute paid in gold and silver.  Thus, even the trade-based economy of 
the Swedish Vikings did not guarantee peace at all times.     
It is believed that Rurik and his successors were responsible for forming the Kiev 
state of Russia, though to what degree Rurik was a Swedish Viking is disputed.  The 
interpretation of archaeological evidence that the Swedish Vikings settled in Lagoda 
before the 10th century was contested by Soviet Russian historians (Noonan, 1986).  
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While Soviet archaeologists viewed Sweden’s effects on the Kiev state as negligible, 
most archaeologists believe that Swedish Vikings were largely responsible for its creation 
(Magnusson, 1980).  It is not coincidence the name Russia stems from the Islamic word 
for Vikings, the Rus (Sawyer, 1997). 
What Started Viking Expansion?  
Whether for plunder or trade, the Vikings were undoubtedly an immensely mobile 
people, expanding from the northern hemisphere in Scandinavia, south to England and 
France and across the eastern Baltic.  The reason for such peripatetic behavior, however, 
has not yet been resolved.  A common explanation for Viking expansion is raiding, but 
their voyages cannot be explained merely by a desire for raiding.    Cederlund (2011) 
argues that scholars of Scandinavian history may be inadvertently letting spurious 
histories of the Vikings exist by not counteracting them with research.  For example, 
some anthropologists have attributed Viking expansion and raiding simply to their 
“bellicose” nature (see Kurrild-Klitgaard and Svendsen, 2003).  Clearly, such 
interpretations do little to further the knowledge of Viking history.     
While it is well known that the Vikings were avid sailors and colonized lands 
beyond Scandinavia, scholars differ in their attempts to explain Viking mobility.   
Population pressures are often cited as reasons for Viking expansion, as well as for 
population migrations in general (Burmeister, 2000).  The population in Scandinavia 
during the Viking Age, however, has been estimated at one to two people per square 
kilometer, which is far from over-population for the region (Ferguson, 2009).  In 
addition, large Viking-Age farms north of the Arctic have been found, providing 
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evidence that the Vikings considered even far northern regions hospitable (Ferguson, 
2009).  Population pressure is neither a sufficient nor probable explanation for Viking 
expansion (Sawyer, 1997).  Another theory commonly posited is that climatic changes 
played a role in their need to expand or that widespread hunger because of nutrient-poor 
soils in Scandinavia created a need to find new land to farm (Oxenstierna, 1967).  Some 
authors point to the advanced Viking longboats as a reason for expansion, but sailing the 
seas was not an objective in and of itself for the Vikings (Hofstra and Samplonius, 1995).  
Most Vikings who participated in oversea voyages were paid for their services (Olsen, 
1961).  Sailing out of curiosity was a luxury few could afford.   
Ultimately, no one explanation for Viking mobility is likely to apply to all Viking 
communities.  Theories of Viking expansion must allow for a number of factors, 
especially considering the size of Scandinavia and the geographic spread of the Viking 
seafaring excursions (Ferguson, 2009).  Indeed, the objectives of the Danish and 
Norwegian Viking voyages to the English coasts and to Greenland are different than the 
objectives of the Swedish Viking voyages across the Baltic Sea.  The most salient 
argument for Viking expansion is Viking seafaring traditions, which were deeply rooted 
in Scandinavian culture well before the Viking Age (Näsman, 2000).  For example, 
Kurrild-Klitgaard and Svendsen (2003) establish the Vikings as entrepreneurial-minded 
thinkers who expanded upon their already well-developed sailing abilities.  These authors 
believe the Vikings looted at first for personal gain until they realized they would profit 
more from a long-term trade or extracting tax or tribute in these foreign lands.   
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There are, therefore, many reasons why Vikings were an expansive group.  For 
the Swedish Vikings, as has been mentioned, trade was their primary motivator for 
oversea voyages.  With this in mind, understanding trade practices across Scandinavia 
during the Viking Age is necessary for a study of mobility.   
Trade in the Viking Age 
Gotland 
 The role that the island of Gotland played in the Swedish Viking trade economy is 
immense.  Located 90 kilometers from mainland Sweden to the west and 150 kilometers 
from Russia to the east, Gotland’s position gave the Vikings a strategic location for 
accessing the eastern shores of the Baltic.  Because of such key positioning, it has even 
been called by some the true center of the Viking world (Magnusson, 1980); the 
enormous number of silver hoards found on Gotland speaks to this statement.  In the late 
9th century, Gotland accounted for almost 50 percent of all the Swedish dirhams found 
from the Viking Age.  By the early 10th century, this number went up to 80 percent.  
Trade with the East came to its zenith in the 10th century, during which 57 percent of all 
total silver coins in Sweden were deposited.  After 980 AD, mainland Sweden played a 
minimal role in importing dirhams, while Gotland was still active in trade.  A general 
decline in trade started in the 980s, however, and Gotland was not excluded (Noonan, 
1994).      
Gotland had no natural resources to exploit, thus the people of Gotland made their 
livelihoods off the trade economy.  Many Gotlanders went east across the Baltic and 
formed their own colony called Gutagård in Novgorod.  In Gotland alone, archaeological 
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finds reveal 50 ports, including one at modern-day Fröjel (Ferguson, 2009).  Some ports, 
such as the one at Fröjel, also handled shipbuilding and repair work in addition to trade.  
Artifacts found at these larger ports can be traced to East Africa and India, although there 
is no evidence of direct contact between Scandinavia and these regions (Ferguson, 2009).  
Nonetheless, the trade market on Gotland clearly had a global reach.  
Ridanäs 
The remains of the Viking Age port of Ridanäs were excavated at the modern-day 
town of Fröjel.  It was an urban establishment with parallels to other important trade 
centers like Birka and Hedeby.  Archaeological evidence reveals that this port 
participated in an extensive socioeconomic exchange network, reaching its apex of 
prosperity in the 11th and early 12th centuries.  Archaeological excavations resulted in the 
recovery of thousands of objects, tombs, settlement remains, and manufacturing 
workshop remains, indicating that the port was well established and highly active (Kahl, 
2009).  Imports at this site include rock crystals from the Black Sea area, walrus ivory 
from the North Atlantic, amethyst from the Arabian Peninsula, cowry shells from the 
Indian Ocean, and, of course, silver coins from Germany, England, and the Arabic world 
(Kosiba et al., 2007).  Other objects indicative of the trade market include luxury artifacts 
from Kiev in the Ukraine, mainland Sweden, and Finland (Carlsson, 2008).   
The site at Fröjel was not a temporary or seasonal settlement, at least not for the 
majority of the inhabitants.  Combs, beads, and jewelry, objects of everyday life, were 
found.  Inhabitants of Ridanäs, and Gotland in general, consumed marine food as a large 
part of their diet (Kosiba et al. 2007).  The urban center of Ridanäs was planned in an 
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organized manner, with houses, streets, and alleys laid out in regular rows (Carlsson, 
2008).  It is reasonable to believe that Ridanäs operated similarly to Birka, though the 
influence of the King would not have been as strong.  However, as previously mentioned, 
inhabitants of Gotland were still required to pay taxes to the King.    
In addition to uncovering the settlement and cemeteries, excavations at Fröjel 
revealed artifacts connected with trade and manufacturing on the periphery of the market 
area, away from the living areas (Carlsson, 2008).  Archaeologists also uncovered an 
ancient cupellation furnace at Fröjel (Gustafsson and Söderberg, 2005).  A cupellation 
furnace is used to refine silver from contamination of other metals, such as copper. These 
types of furnaces had been in use for thousands of years, and would have been of utmost 
importance on Gotland because of the enormous influx of silver through trade.  The 
workshop with the furnace produced evidence of craft production, including metal 
shavings, glass beads, and antler shavings.   
In the late Iron Age/Viking age, the harbor of Ridanäs was separated from a small 
island by a straight (Figure 2.4).  The straight gave Vikings access to the harbor, but a 
gradual rise in sea level rendered Ridanäs inaccessible, like many other ports of the 
Viking Age (Eliason et al., 2010; Carlsson, 2008).  During the last ice age, a heavy layer 
of ice pushed down on the landmass of Scandinavia.  The gradual melting of the ice 
allowed the underlying land to rise, and during the last 1,000 years, sea levels dropped by 
four to seven meters in Scandinavia (Brabrand, 1991).  By approximately 1180AD, the 
strait at Ridanäs was no longer sailable and, therefore, the docks at Ridanäs were 
inaccessible (Carlsson, 2008).  Ridanäs could no longer serve as an effective port.  Visby, 
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further north along the coast, replaced Ridanäs as the main harbor on Gotland.  Today, 
Visby is the capital city of Gotland and still is encircled by a 14th-century wall.     
 
 
Figure 2.4 Site of the Fröjel excavations, facing the west coast of Gotland.  The northern 
graveyard was found in the brown plot of land (Photo: E. Peschel). 
 
Other Viking Trade Centers 
Birka was one of the most important trading markets in Viking Age Scandinavia.  
Located on the island Björkö in the large lake Mälaren, Sweden, Birka was occupied as a 
major urban center from the mid-8th to 10th centuries.  Birka was well protected by over 
40 miles of labyrinthine archipelago and thus was safe from enemies but accessible to 
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friendly merchants (Jones, 1984).  Birka was not just important for trade, however.  
Remains of military fortifications imply Birka had military defenses (Wicker, 2012).  
Fortifications included an oval-shaped fort on a hill protected on one side by the ocean, 
and on the other, earthen ramparts (Jones, 1984).  Nevertheless, Birka’s function as a 
peaceful and safe trade center was paramount.  The Swedish king accumulated much 
wealth from the Birka trading operations, and, therefore, prestige.  Swedish kings resided 
there frequently and it was the location for assemblies with the participation of the 
general public (Helle, 1994).      
Residents of Birka had an overall high standard of living.  Chieftains, warriors, 
and merchants were buried with high-end goods (Jones, 1984).  Differentiation in the 
grave goods and the numerous cemeteries in Birka suggest that this city was socially 
stratified (Linderholm et al., 2008; Magnusson, 1980).  In an isotopic study, Linderholm 
and colleagues (2008) determined that individuals buried with weapons ate a diet higher 
in marine foods than those buried without.  The authors suggest this is because they came 
from overseas, rather than being native to the Birka area.  The authors argue further that it 
is unlikely that the burials at Birka represent a homogenous population because Birka 
was a successful, far-reaching trading center that attracted individuals from afar.    
 Birka brought economic strength to central Sweden until the late 10th century.  
Archaeological materials indicate that it was involved with long-distance trade and was in 
contact with most of the known world, including Western and Eastern Europe, Africa, 
and India.  By the 10th century, however, the majority of trade that took place on Birka 
was with Islamic regions and the East Roman Empire (Linderholm et al., 2008).  Once 
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trade between the East and Sweden drastically lessened, Birka’s success as a trading 
center declined rapidly (Sawyer, 1971).  By 970, Birka was no longer in use.  Meanwhile, 
Gotland continued to dominate trade with the East.         
Other trading centers, including some in Denmark and Norway, also participated 
in the trade exchange with Sweden.  Craft centers in Ribe, Denmark, and Åhus, Sweden 
participated in a close exchange of goods, and it is probable that a number of non-
permanent trading centers existed on the coast of the Baltic (Callmer, 1994).  Hedeby, 
located on the Danish-German border, is such a trading center and is well studied.  It 
dates from the 8th century and probably developed from the convergence of three small 
towns in close proximity (Jones 1984).  Like Birka, Hedeby was fortified and access to 
the docks was controlled.  Also like Birka, Hedeby saw trade and distribution of a variety 
of crafts and goods from Western Europe, the Eastern Baltic regions, and, of course, 
Sweden and Norway (Jones 1984).  Hedeby was strong throughout the Viking Age, but 
did not survive as a successful trading center past the middle-11th century.   
The Norwegian port of Trondheim was founded in 997 AD.  Trondheim was 
settled as a farmstead prior to Viking arrival in 997, but it was King Olav Trygvasson 
who made this fjord settlement a successful trading center (Brabrand, 1991).  Access to 
Trondheim required shallow boats; large vessels had to remain in the river outlet.  Large 
and important trading centers like Trondheim or Birka, for example, were accessible by 
ships through difficult passages.  The Vikings specialized in shallow draft vessels that 
could easily be maneuvered onshore and into shallow rivers (Brabrand, 1991) leading 
some authors to speculate that the primary focus of the Viking fleets may have been to 
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ensure peaceful trade (Coupland, 2003).  It could also be viewed that such specialization 
in vessels allowed the Vikings to completely control access to their trading ports.  
Enemies could be kept out, and merchants could be easily taxed on their way in.  Ridanäs 
was similar to these trading ports in terms of economic activity.  One aspect that sets 
apart Ridanäs from these ports, however, is that it was isolated in the Baltic Sea.  There 
was no evidence of a defensive system found at Ridanäs, unlike at Birka and Hedeby.  
Perhaps the ocean was a sufficient enough defensive system on its own.  There have not 
been strontium isotope analyses performed at these trading centers, but artifacts from 
across the trade network, like at Ridanäs, points to inhabitance by non-locals.   
Strontium Isotope Analysis in Viking Archaeology 
Many researches have questioned the origins of inhabitants buried in Viking 
cemeteries, and have used strontium isotope analysis to investigate this question.  
Geochemical isotope studies were utilized in a study of Icelandic colonization (Price and 
Gestdóttir 2006).  The authors analyzed both oxygen and strontium isotopes to determine 
which individuals were likely migrants to Iceland.  The use of oxygen isotope analysis in 
addition to strontium isotopes allowed the authors to isolate likely areas of origin for the 
non-locals.  In their final analysis, the authors determined that there was a group of 
individuals who were born on Iceland, and that Icelandic immigrants came from different 
places, although they do not speculate as to where they may have came from. 
Non-locals were even discovered at a Viking fortress, Trelleborg, in Denmark 
(Price et al., 2011).  The burial contexts at this site included 30 regular graves, including 
an interment of a high-status female, and three mass graves, with remains primarily of 
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males (adults and sub-adults).  The authors interpreted the mass graves as a clear sign of 
a violent or catastrophic event that resulted in the death of these individuals at the same 
time.  The cause of death may have been from a disease, although poor preservation 
made antemortem trauma analysis difficult.  Through strontium isotope analysis, the 
authors determined that the majority of the individuals buried in the mass graves at 
Trelleborg were foreign to southern Scandinavia.  The authors concluded that these 
foreigners at the fortress were either members of the royal forces or they may have been 
slaves.  The three sampled women at this site were all of non-local origin, which suggests 
to the authors that their husbands brought them to Trelleborg.    
Strontium isotope analyses have been used to examine not only if Vikings 
emigrated to other lands, but if Scandinavia received an influx of immigrants.  Price et al. 
(2012) used strontium isotope analysis to determine if there was a presence of foreigners 
at the trading center of Sebbersund, in Denmark.  The aim of this research was to 
determine whether Sebbersund was run by non-locals or if it was a site where the local 
population concentrated seasonally.  The authors hypothesized that the majority would be 
non-locals.  Based on strontium isotope ratios, three of 19 individuals from their sample 
collection were determined to be non-local.  The authors concluded that Sebbersund was 
run mainly by locals and that the foreigners were perhaps Christian missionaries, because 
of their burial in proximity to a church.  This study has a direct correlation to the current 
project—both sites were trade centers—but while Sebbersund was located in mainland 
Denmark, Ridanäs was on an island that was much more autonomous from, though still 
under control of, mainland Sweden.   Much like the study of Sebbersund, the hypothesis 
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of this project is that there would be a strong presence of non-locals.  The study by Price 
et al. (2012) showed the opposite, with very few foreigners present.  However, the port of 
Ridanäs, strategically located along Viking trading routes, may have enticed more 
individuals to move there to make a living. 
Strontium isotope analysis, as has been mentioned, was used to determine 
whether individuals were of local or non-local origin.  The next chapter discusses how 
strontium isotope analysis was utilized for this project.        
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CHAPTER III: METHODS 
The Site of Fröjel 
Data collection 
Three cemeteries were discovered in Fröjel during excavations from 1987-2004.  
The oldest and largest cemetery, the northern cemetery (Figure 3.1), was in use from the 
7th to 10th century and contained both inhumations and cremations.  Graves in the 
northern cemetery were well furnished, including typical Gotlandic jewelry.  The jewelry 
suggests that the individuals were natives, but DNA analyses of the male population 
indicate eastern European ancestry (Carlsson, 2008).  The southern cemetery (Figure 
3.2), on the outskirts of the main settlement, dates to the 11th century.  The men from the 
southern cemetery were buried with weapons such as axes and spearheads.  One was 
buried with a bronze bowl, a burial good typical of southern Gotland (Carlsson, 2008).  
Excavations have also revealed the presence of a third cemetery.  This was determined to 
be a non-Viking Christian cemetery and was not included in this study because of the 
differences between Viking and post-Viking culture.  Additionally, there were some 
burials from the Vendel Period (550-790), which were, likewise, not included in this 
study.  Mobility before and after the Viking Age was not nearly as common.      
The remains from the Fröjel excavations are stored in Visby, Gotland, in 
cardboard boxes labeled by site, year, and artifact number.  In most instances, remains of 
individuals were kept separate, but on occasion more than one individual was stored in a 
box.  The remains were in fair condition; acidic soil and destruction by modern plows left  
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Figure 3.1. The northern graveyard excavated at Fröjel.  The arrow points to north. 
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Figure 3.2. The southern graveyard excavated at Fröjel.  The arrow points to north. 
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Figure 3.3 Artifact 02500, an example of a well-preserved cranium. Scale is in cm. 
(Photo: Emily Peschel). 
 
many elements highly fragmented and deteriorated.  Some remains, however, were in 
better condition and had not been fragmented by plows (Figure 3.3).   
The two Viking Age cemeteries contained over 80 individuals.  For this project, 
one tooth was collected from each of 61 individuals (Tables 3.1—3.3).  Many of the teeth 
had fallen postmortem from the mandibles and maxillae, although some remained within 
the alveolar processes.  Preference was given to first molars, but no preference to 
quadrant.  Second molars were given second preference.  While first molar enamel 
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finishes development around age three, the second molars finish development around 
three to eight years old.  Third molars, however, complete development last and have the 
most variably of all the permanent dentition.  As such, crown completion can occur 
anywhere around nine years old or older (Slovak and Paytan, 2011), (Table 3.4).  The 
first molar was therefore preferred for the present study as most likely to accurately 
represent the strontium isotope of place of birth. The second molar was used in instances 
in which the first molar was not available.  Incisors, canines, and premolars were chosen 
over the third molar if no other teeth for an individual were available. 
Age and sex of the remains were assessed by the author and by consulting a 
previous study (Voss 2005).  Sex was assessed by pelvic and cranial morphology, 
following Phenice (1969) and Buikstra and Ubelaker (1994).  Age was assessed 
following the Brooks and Suchey (1990) pubic symphyseal morphology when possible.  
Other indicators, such as long bone fusion (Suchey 2006), epiphyseal fusion of the 
medial clavicle (Webb and Suchey 1985), epiphyseal fusion of the iliac crest (Webb and 
Suchey 1985), or tooth development (Moorrees et al. 1963) were also employed when 
available.  As many of these remains were highly fragmented and not well preserved, age 
was occasionally based on dental wear (Lovejoy 1985).  Following Buikstra and 
Ubelaker (1990), adults were classified as young adult (20-34 years), middle adult (35-49 
years), or old adult (50 years or more).  Pathological conditions as well as any trauma 
were previously recorded (Voss 2005).   
Table 3.1 Human Remains 
 
Sample 
Name 
Artifact 
Number 
Tooth 
Type or 
Sex Age Observations 
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Number  
EMP01 02001 
[20/01] 
14 Probable female Middle adult  
EMP02 00702 8 Male Adult  
EMP03 00304B 
[33/04B] 
30 Female Middle adult  
EMP04 03504 
[352004] 
3 Male Young adult Trauma 
EMP05 00902 30 Male Young adult   
EMP06 1601 [1601] 14 Female Young adult  Trauma 
EMP07 2100 
[21a/00] 
30 Female Young adult Buried with 
two infants, 
less than a 
week old 
EMP08 03804B 
[38/04b] 
30 Female Young adult   
EMP09 03804A 
[38/04a] 
9 Female Young adult  
EMP10 03601 
[36/01] 
3 Male Old adult  
EMP11 00804B 
[8b/04] 
3 Female Young adult   
EMP12 02500 
[25a/00] 
3 Female Middle adult  Buried with 
infant, less 
than a week 
old 
EMP13 32 [32/88] 28/29 Female Middle adult  
EMP14 12 [12/88] 8 Female Young adult  
EMP15 01100  14 Male Young adult  
EMP16 00503 
[5/03] 
3 Probable female Middle adult  
EMP17 00303 30 Female Middle adult  
EMP18 3 3  Female Old adult  
EMP19 1 30 Probable male Yong adult Shoveled 
incisor 
EMP20 2 [2/87] 31 Female Old adult  
EMP22 03604  3 Male Sub-adult Possible 
trauma; 
shoveled 
incisors 
EMP23 02200 
[22/00] 
3 Female Middle adult Trauma 
EMP24 2303 3 Female Middle adult  
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EMP25 19a/89 3 Male Old adult Upper burial 
EMP26 3a/88 
[3a1988] 
19 Female Middle adult Buried with 
baby, 3b/88. 
~6 months 
EMP28 1 [1/1987] 3 Male Middle adult  
EMP29 2B [2b1990] 14 Indeterminate Subadult  
EMP30 1/89 
[1/1989] 
27  Probable female Old adult  
EMP31 2/89 19 Indeterminate Indeterminate  
EMP32 046a-99 3 Male Middle adult  
EMP33 37 14 Male Young adult  
EMP34 [19b/89] 14 [Male] 
Indeterminate 
 Sub-adult, 12-
18 
Epiphyseal 
fusion on 
tibia not 
complete; 3rd 
molar not 
erupted 
EMP35 24/89 3 Male Young adult, 
14-23 
Unfused 
epiphyseal 
union of iliac 
crest  
EMP36 32-99 14 Female Middle adult  
EMP37 500 3 Indeterminate Indeterminate  
EMP38 1/90 [1a/90] 3 Probable male Old adult  
EMP39 3 [31990] 30 Indeterminate Adult  
EMP40 4/90 3 Indeterminate Old adult Highly worn 
teeth 
EMP42 9 [9/88] 15 Male Old adult  
EMP43 600 14 Female Middle adult  
EMP44 22 14 Male Young adult  
EMP45 39 3 Male Old adult  
EMP48 25b/89 14 Female Middle adult  
EMP49 2301 3 Indeterminate  Juvenile, <20 
years 
Femur 
epiphyses not 
fused 
EMP50 1701 Premolar Probable male Middle adult  
EMP52 15/99 14 Male Old adult  
EMP53 11/89  14 Probable 
Female 
Young adult  
EMP54 03401 
[34/01] 
16 Indeterminate,  Old adult  
EMP55 016/99 3 Female Middle adult  
EMP56 02404 31 Female Middle adult  
	  	  
46 
EMP58 41-99 19 Female Middle adult  
EMP59 1202 11 Probable male Middle adult  
EMP63 9/89 7 Female Middle adult Many 
artifacts in 
burial 
EMP64 42 3 Indeterminate Adult  
EMP65 28 16 Male Adult Worn teeth 
EMP68 1/90B 19 Male Young adult 2nd molar 
erupting 
EMP69 032-99E Probable 
premolar 
Indeterminate Indeterminate In bag labeled 
Extra 
EMP70 03304A 
[33-04A] 
14 Female Young adult   
EMP71 02800  14 Female Middle adult   
EMP72 48 3 Female  Middle adult  
 
 
Table 3.2 Sex estimation of the sample population 
SEX 
Female 29 
Male 22 
Indeterminate 10 
 
Table 3.3 Age estimation of the sample population 
AGE 
Non-adult 2 
Young adult (20-34) 14 
Middle adult (35-49) 23 
Old adult (50+) 11 
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Indeterminate 10 
 
Table 3.4 Approximate timing of dental crown formation of permanent teeth 
Tooth Type Average timing of Dental Crown 
Formation 
Middle Incisor 3 months to 5 years 
Lateral Incisor 3 months to 5 years 
Canine 6 months to 5 years 
First Premolar 2 to 5 years 
Second Premolar 3 to 6 years 
First Molar 0 to 2 ½ years 
Second Molar 3 ½ to 6 ½ years 
Third Molar 9 ½ + 
(Slovak and Paytan, 2011; Schour and Massler, 1940) 
 
  “Origin” studies research has shown that bioavailable sources of strontium 
isotopes are more indicative of the levels of strontium isotopes found in humans than 
compared to geologic samples, especially in areas of non-uniform geology (Budd et al., 
2004). It is recommended to measure the strontium isotope levels of local animals as the 
baseline for local levels of strontium isotopes (Bentley, 2006; Slovak and Paytan, 2011; 
Knudson and Tung, 2011; Price et al., 2002).  Therefore, along with the 68 human teeth, 
fifteen animal teeth were also collected (Table 3.3), including Bos taurus (cow), Ovis 
aries (sheep), and Sus scrofa (pig).  Vikings in Gotland maintained a strong livestock 
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economy that included cows, sheep, and pig (Eliason et al., 2010).  It was assumed, 
therefore, that these animals were not a product of trade.  Samples will be considered of 
local origin if their isotope values fall within the range of two standard deviations of the 
values of the local fauna samples (Price et al., 2002).  Samples with values that do not 
fall within the two standard deviation range will be deemed non-locals.  Using a 
comparison of other studies with strontium isotope data in Scandinavia and Europe 
(Bentley and Price, 2002; Frei and Frei, 2011; Haak et al., 2008; Nielsen, 1996; Price and 
Gestdóddir, 2006; Price et al. 2011, Price et al. 2012; Sjögren et al., 2009) it is possible 
to speculate as to the location of origin of any non-local individuals buried at Gotland 
once strontium isotope analysis has been performed.  The thirteen faunal remains were 
excavated at the same site as the human remains and will be used to determine the 
baseline values for local strontium ratios. 
Strontium Isotope Analysis 
Pretreatment 
The extracted human and faunal teeth were brought to Boston University School 
of Medicine for cleaning, lab preparation, and analysis.  The teeth were placed in an 
ultrasonic bath of distilled water for two minutes to get rid of excess dirt or other 
adhering organic materials then left to dry overnight. 
Subsequent pretreatment of the tooth included a Clorox and acetic acid wash, 
following the guidelines by Balasse et al. (2002).  Micro-centrifuge tubes (1.7 ml) were 
labeled by sample number and weighed.  Teeth were given sample numbers based on the 
author’s initials, EMP, following sequential numbering.  Enamel was drilled off with a 
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Dremel® cordless rotary tool, using two burrs: a Dremel® 9904 tungsten carbide cutter 
and a Dremel 7105 diamond wheel point.  A small section of the crown was first drilled 
with the carbide burr to remove the top layer of enamel that might be contaminated with 
organic elements.  The diamond burr was used to grind the freshly exposed enamel into a 
fine powder over a sheet of weigh paper.  Enamel samples weighed five to 15 milligrams 
and were stored in labeled centrifuge tubes.  To avoid contamination between samples, 
the drill burrs were rinsed with 1 M hydrochloric acid (HCl) and placed in an ultrasonic 
bath.  Kimwipes® were used to wipe the burrs dry for the next sample. The drill surfaces 
were wiped clean and new weigh paper was used for each sample. 
The first step of the pretreatment involved Clorox to remove organic material in 
the sample.  Approximately 1.5 ml of 50% Clorox solution was added to each micro-
centrifuge tube.  This was to remove all collagen from the sample.  The tubes were then 
agitated with the vortexer, opened, and let to stand overnight (at least eight hours) in a 
fume hood.  Sample tubes were covered with a sheet of aluminum foil.  After standing 
open over night, each sample was agitated with the vortexer and centrifuged for five 
minutes.  The Clorox was decanted and about 1.5 ml of distilled water was added.  Again, 
the samples were vortexed, centrifuged for five minutes, and decanted.  Distilled water 
was added, vortexed, and centrifuged three more times, making a total of four rinses with 
distilled water.  The final drops of water were carefully drawn out with a pipette.   
The second step of the enamel pretreatment involved acetic acid to remove 
adsorbed carbonates.  Approximately 0.1 ml per mg of each sample of 0.1M acetic acid 
was added to each sample.  Samples were vortexed and let to stand open in a fume hood 
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for exactly four hours.  After the four hours, samples were vortexed, centrifuged for five 
minutes, and decanted.  Approximately 1.5 ml of distilled water was added to each 
micro-centrifuge tube.  The samples were then vortexed, centrifuged for five minutes, 
and decanted.  As with the Clorox solution pretreatment, each sample was rinsed with 
distilled water and decanted a total of four times.  The last drops of water were removed 
with a pipette.  The tubes were left open, placed in a sample tube box, and put in the 
freezer for 30 minutes.  After this time, tubes were immediately placed in a desiccators 
and left to dry for at least 12 to 15 hours.  After drying, micro-centrifuge tubes were 
closed and stored.  Samples were pretreated in batches of 18.  The samples were then 
brought to the Clean Lab Facility at Boston University for the final preparation before 
TIMS analysis.  
Strontium Extraction 
The following procedures were derived from the 87Sr/86Sr TIMS guidebook by Dr. 
Denise K. Honn, the TIMS laboratory manager at Boston University (Honn, pers. comm., 
2013).  Precise powdered sample weights were obtained by first weighing the original 
sample micro-centrifuge tube with the dry sample.  6N hydrochloric acid was added to 
each sample centrifuge tube to dissolve and transfer the sample into an empty Teflon 
beaker.  This acid was added to dissolve the enamel and prevent sample loss by static that 
is common in dry clean lab facilities.  Next, the dried-down micro-centrifuge tube was 
weighed and this weight is subtracted from the tube plus sample weight to generate a 
milligram sample weight.  The strontium sample concentration of these archaeological 
teeth had not yet been calculated, thus an average from previous research of strontium 
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concentration of teeth samples was used (50 ppm).  As more samples were run, the 
concentration was refined to 60 ppm.   
After obtaining an exact sample weight and rock weight, samples were aliquoted 
to approximately 200 ng of strontium.  The samples were then spiked accordingly with 
84Sr spike, and dried completely.  Since the strontium spike has a known amount of 
strontium, the total amount of strontium in the sample can be calculated.   
After drying down fully, aliquots were re-dissolved in 500 µL 3.5 N hydrochloric 
acid to run through columns.  Column chemistry allows for the separation of Sr in the 
sample from similar elements, which reduces the interference on Sr isotopes and 
promotes stable ionization of Sr during the TIMS analysis.  For every five samples run 
through columns, a “blank” was run as well to allow for detection of contamination or 
other problems that might occur during columns.  Each micro-column was filled with 
strontium resin held in place by a frit, which separates Sr from other elements in the 
sample.  With 3.5 N hydrochloric acid, Sr in the column binds to the resin and allows 
other elements to pass through.  With Milli-Q water, the resin flushes Sr out, which was 
collected in a separate, clean beaker.  After collection, the sample was dried down.  
Finally, strontium samples were prepared for loading onto pre-outgassed single 
Re filaments.  The extracted strontium samples were dissolved in 4µL 15 N nitric acid.  
Half of this amount, for a total of 100 ng Sr, was slowly loaded onto the filament at 
increments of 0.5 µL.  Each increment is slowly dried at 600 milli-amps.  Then, 2 µL of 
an emitter slurry (Ta2O2 in a weak phosphoric acid) was loaded directly on top of the 
sample to slow down the ionization process during TIMS analysis.  Amperage was then 
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increased until the loaded filament was brought to a dull red glow.  This process bakes 
off volatiles present in the sample that would otherwise outgas in the TIMS.  Then the 
filament was loaded onto the turret and into the TIMS.  Each turret has 21 spaces for 
samples, but two Sr standards must accompany every batch of samples.  Standards for 
these samples were 100 ng.       
TIMS Analysis 
The TIMS at Boston University is a ThermoFinnigan TRITON.  This instrument 
collects data on Sr ratios of 88Sr/86Sr, 87Sr/86Sr, 85Rb/86Sr, 84Sr/86Sr, and 84Sr/88Sr and 
corrects for fractionation in the TIMS and any Rb interference.  TIMS analyses over a 
duration of 10 replicate analyses of the standard Srm987 yielded a 87/86 of 0.710228 ± 
0.000007 (uncertainty is 2 RSE).  Samples were run until at least a standard error 
percentage of less than 0.0004 was reached.  
 
Table 3.5 Faunal Remains 
 
Sample 
Name 
Artifact 
Number 
Animal 
Species 
Tooth type 
EMP73 032-99 Bos taurus Molar 
EMP74 032-99 Sus scrofa Canine 
EMP75 032-99 Bos taurus Molar 
EMP76 16/99 Ovis aries Molar 
EMP77 01/00 Sus scrofa Molar 
EMP78 03804A Bos taurus Molar 
EMP79 03804A Bos taurus Molar 
EMP82 03804A Sus scrofa Canine 
EMP83 03804A Sus scrofa Canine 
EMP84 03804A Sus scrofa Canine 
EMP85 03804A Ovis aries Molar 
EMP86 03804A Ovis aries Molar 
EMP87 03804A Ovis aries Molar 
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Strontium isotope analysis is a time-consuming endeavor.  The procedures 
outlined in this chapter require much precision and care so that absolutely no 
contamination occurs at any point during the process.  The results in the next chapter 
represent the ratios of 87Sr/86Sr in each enamel sample.  From this information, the 
prevalence of foreigners can be determined.  
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CHAPTER IV: RESULTS 
 
Results from the TIMS analysis are presented in Table 4.1 and Figure 4.1.  A 
sample was considered an outlier if its 87Sr/86Sr ratio as greater or less than two standard 
deviations of the faunal range.  Outliers could then be identified as non-local to Ridanäs.    
There were 13 faunal samples, 12 of which were in a cluster.  EMP77 was a clear outlier 
with a value of 0.73319.  The average of the remaining 12 samples was 0.71277 with a 
standard deviation of 0.00195.  The baseline range for local samples based on two 
standard deviations from the mean of the fauna is 0.70887—0.71666.  Out of the 60 
human individuals analyzed on the TIMS, two showed ratios that were slightly above the 
baseline levels, and two that were slightly below.  Additionally there were four samples 
whose strontium isotope ratios were well above the baseline range: EMP33, EMP36, 
EMP45, EMP50, and EMP51.     
The 87Sr/86Sr ratios were graphed and analyzed according to sex and age (Figures 
4.2 and 4.3).  The ratios compared to age showed no clear relationships.  There were, 
however, more male than female outliers even though males comprised a smaller 
percentage of the total population.   
The values obtained in this study correlate well with those obtained by Price 
(2013) in his study of mobility in Sweden.  These values were 0.7104 and 0.7129, both of 
which fall within the baseline range for the values generated at the site of Ridanäs. The 
bedrock of Gotland consists of limestone, sandstone, and a finer-grained silt (Eliason et 
al. 2010).  These rocks are younger than the bedrock of mainland Sweden and Norway.  
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Therfore, the cluster of individuals with similar ratios can confidently be said to be from 
Ridanäs.   
 
Table 4.1.  87Sr/86Sr ratios with standard error percentage. 
 
SAMPLE 87 / 86 ± 
EMP01 0.7145799 0.0000049 
EMP02 0.7136384 0.0000049 
EMP03 0.7093209 0.0000047 
EMP04 0.7105309 0.0000057 
EMP05 0.7139661 0.0000053 
EMP06 0.7131430 0.0000042 
EMP07 0.7147000 0.0000041 
EMP08 0.7091762 0.0000022 
EMP09 0.7158876 0.0000043 
EMP10 0.7100821 0.0000043 
EMP11 0.7091868 0.0000034 
EMP12 0.7108414 0.0000046 
EMP13 0.7089980 0.0000037 
EMP14 0.7166704 0.0000043 
EMP15 0.7099891 0.0000043 
EMP16 0.7108239 0.0000074 
EMP17 0.7143166 0.0000049 
EMP18 0.7096817 0.0000044 
EMP19 0.7136832 0.0000044 
EMP20 0.7124991 0.0000039 
EMP22 0.7118459 0.0000037 
EMP23 0.7158200 0.0000036 
EMP24 0.7152023 0.0000038 
EMP25 0.7120251 0.0000039 
EMP26 0.7154467 0.0000002 
EMP28 0.7100627 0.0000035 
EMP29 0.7119942 0.0000045 
EMP30 0.7101049 0.0000036 
EMP31 0.7126355 0.0000039 
EMP32 0.7155182 0.0000000 
EMP33 0.7274564 0.0000042 
EMP34 0.7146905 0.0000047 
EMP35 0.7112410 0.0000047 
EMP36 0.7208662 0.0000044 
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EMP37 0.7151067 0.0000042 
EMP38 0.7107480 0.0000052 
EMP39 0.7124832 0.0000047 
EMP40 0.7118201 0.0000035 
EMP42 0.7150047 0.0000033 
EMP43 0.7091919 0.0000032 
EMP44 0.7106350 0.0000035 
EMP45 0.7346671 0.0002825 
EMP48 0.7153355 0.0000057 
EMP49 0.7105994 0.0000054 
EMP50 0.724418 0.0000033 
EMP52 0.7094864 0.0000058 
EMP53 0.7131035 0.0000044 
EMP54 0.7082682 0.0000040 
EMP55 0.7113900 0.0000071 
EMP56 0.7097644 0.0000035 
EMP58 0.7096319 0.0000088 
EMP59 0.7152687 0.0000038 
EMP63 0.7136385 0.0000044 
EMP64 0.7117691 0.0000040 
EMP65 0.7171809 0.0000060 
EMP68 0.7120040 0.0000055 
EMP69 0.7081522 0.0000035 
EMP70 0.7092662 0.0000040 
EMP71 0.7129691 0.0000033 
EMP72 0.7156706 0.0000034 
EMP73 0.7130655 0.0000044 
EMP74 0.7165926 0.0000044 
EMP75 0.7107760 0.0000043 
EMP76 0.7126354 0.0000041 
EMP78 0.7116261 0.0000048 
EMP79 0.7153226 0.0000043 
EMP82 0.7108360 0.0000032 
EMP83 0.7105143 0.0000033 
EMP84 0.7109174 0.0000039 
EMP85 0.7133241 0.0000042 
EMP86 0.7143100 0.0000037 
EMP87 0.7132839 0.0000041 
EMP77 0.7331940 0.0000034 
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Figure 4.1.  Scatter plot of 87Sr/86Sr ratios.  Y-axis shows strontium ratios, X-axis shows 
PPM per sample.  The black lines represent the upper and lower limits of the baseline 
strontium values for Gotland.  
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Figure 4.2. A comparison of the 87Sr/86Sr ratios of males and females. Y-axis shows 
strontium ratios, X-axis shows PPM per sample. The black lines represent the upper and 
lower limits of the baseline strontium values for Gotland.  
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Figure 4.3. A comparison of 87Sr/86Sr ratios based on age.  Y-axis shows strontium 
ratios, X-axis shows PPM per sample.  The black lines represent the upper and lower 
limits of the baseline strontium values for Gotland.  
 
 
These results clearly demonstrate that the majority of individuals were local to 
Ridanäs and the hypothesis that there would be a mix of locals and non-locals was proven 
incorrect.  Less than 10 percent of the total population was foreign and for a culture that 
is known for mobility, like the Vikings, this particular Viking community did not show 
the expected signs of mobility.   
Although strontium isotope analysis has greatly helped archaeological study of 
migration and mobility in past cultures, there are problems with this technique that must 
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be addressed and considered during analysis.  Unfortunately, while strontium isotope 
analysis allows archaeologists to determine who is of local origin and who is not, it does 
not guarantee that the origin of non-locals can be accurately determined.  One issue is 
that areas that have similar bedrocks will show similar 87Sr/86Sr ratios.  There is some 
overlap between, for example, areas in Scandinavia and areas of the British Isles.  
Therefore, even if an individual is within the local ratio range, they could actually be 
foreign from an area that has a similar 87Sr/86Sr ratio.  Both the British Isles and 
Scandinavia were inhabited by Vikings, but origins from either of these places would 
result in very different interpretations of Viking mobility.   
Archaeological teeth from cows, sheep, goats, and pigs were used to determine 
the baseline ratios for Ridanäs.  A problem, however, was encountered with this method.  
Sample EMP77, a pig, had a much higher 87Sr/86Sr ratio than the rest of the faunal 
samples.  Clearly an outlier, this pig was most likely brought over to Gotland from 
another location.  The pig may have simply been supplementary food for the voyage to 
Gotland.  The pig was probably not alive during the voyage overseas because that would 
require extra resources to keep it alive. Pigs were raised on Gotland and so there would 
not have been need for a live pig from abroad.  The rest of the faunal samples were in a 
cluster that matched the 87Sr/86Sr ratios of the local population, so this outlier pig did not 
cause analytical problems for interpreting local versus non-local.  The potential that 
archaeological fauna are not of local origin, however, is something that researchers 
should take into consideration.  As a rule, higher ratios indicate older rocks such as 
granites, while lower ratios indicate younger rocks, like basalts.  The strontium that is 
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absorbed into one’s bones, however, is a product of more than the underlying bedrock.  It 
is an average of the strontium sources that one ingests during bone development.  This is 
why bioavailable sources of strontium, rather than geologically available sources, are 
preferred for archaeological studies.  For example, plant roots can grow in various soil 
horizons, which may have different 87Sr/86Sr ratios.  The 87Sr/86Sr ratios of that plant 
would show an average of the 87Sr/86Sr ratios of the different horizons, which might not 
be reflected in a geological map.  If a human eats this plant, the strontium in their bones 
and enamel will reflect this average, different from the strontium of underlying rock.    
A further confounding factor in strontium isotope analysis, which affects in 
particular islands (such as Gotland) is that marine foods and seawater can have a major 
effect on strontium isotope ratios.  A diet that is high in marine foods will bring the ratio 
closer to 0.7092, the 87Sr/86Sr ratio of seawater.  For example, a strontium isotope 
analysis of individuals buried in a northern Norwegian coast showed 87Sr/86Sr ratios that 
were lower than one might expect for northern Norway.  These people, however, relied 
heavily on stockfish production and the diet of this community was, accordingly, based 
on marine foods (Naumann et al., 2014).  Likewise, sea spray can impact strontium 
isotope ratios, if individuals consume food that is in proximity to sea spray.  Even rainfall 
close to the coast will bring strontium isotope ratios closer to that of ocean water.   Some 
of the individuals at Ridanäs had ratios that were almost exactly that of seawater.  A 
marine diet or residence near to the ocean may have brought strontium isotope ratios 
closer to 0.7092.  All of these factors must be considered during an analysis of the data.     
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CHAPTER V: DISCUSSION 
 
This research provides new insights to the study of mobility in Swedish Viking 
society of the island of Gotland and the Baltic Sea area circa the 7th-11th centuries AD.  
Through the use of strontium isotope analysis, it was determined that the overwhelming 
majority of the population of Ridanäs consisted of local people, a result which is contrary 
to the hypothesis presented earlier in this paper.   
By using two standard deviations from the average of the local faunal samples, 
there were in total eight outliers.  Four of these outliers, however, were very close in their 
87Sr/86Sr ratios to those of the local cluster.  These ratios were not so different as to 
suggest an entirely different location of origin.  Instead, it is more likely that these 
individuals were born in a region on Gotland different form Fröjel.  Although Gotland’s 
bedrock is primarily limestone, there are three sections of limestone on the island that 
could produce slightly different 87Sr/86Sr ratio values (Eliason et al., 2010).  These 
individuals may have come from an inland community, or some other coastal region that 
did not operate as a trading port.  The economic prosperity that could be achieved at 
Ridanäs may have outweighed the cost of moving to a new location.  Even though 
Gotland is the largest island in Sweden, moving from one end to another would not have 
been as challenging as moving to a new home located across the ocean.         
In the Results chapter, it was noted that there was a greater incidence of male 
foreigners compared to females: of the four foreigners identified at Ridanäs, three were 
male.  Just under 15 percent of the sample male population was non-local.  Conversely, 
less than five percent of the female population was of non-local origin.  Despite the small 
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number of foreigners, these data suggest that males were the more mobile sex on 
Gotland.  According to Burmeister (2000), migration sometimes arises because of the 
opportunity to find the financial means to care for a family.  Gotland was abundant it its 
livestock and agricultural production (Eliason et al., 2010), and as a focal point of the 
Baltic Sea trade network, it may have been appealing to young men who were eager to 
make a living.  
In addition to sex, the individuals were analyzed according to age.  As previously 
mentioned, adult age was categorized following Standards (Buikstra and Ubelaker, 
1990): young adult (20-34 years), middle adult (35-49 years), and old adult (50+ years).  
Strontium isotope analysis cannot reveal how long a foreigner lived in their new location 
and therefore, this analysis cannot determine the age at which these foreigners arrived.  
The data does, however, tell us that some of the immigrants spent much of their lives in 
Gotland: one of the adults was 50+ years at the time of death, and two were classified in 
the “middle” adult category at 35-49 years at the time of death.  In this case, we can be 
certain that the intention of some mobile Vikings was to immigrate permanently from 
their hometown residency. 
A study of the burial goods uncovered during excavations at Ridanäs would, for 
the most part, lead to the correct conclusion that individuals buried here were local.  Most 
women were buried with brooches or other types of jewelry that were of the typical 
Gotlandic style (Carlsson, 2008).  However, the woman foreigner (EMP36) was buried 
with a Gotlandic animal-head brooch and a knife.  Typically, these brooches are 
considered to belong to only those individuals who are from Gotland (Carlsson, pers. 
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comm., 2014).  Without strontium isotope analysis, there would be no indication that this 
individual was non-local.  The burial goods suggest that this female was fully assimilated 
into Gotlandic society.  This woman was an “old adult” at the time of death, so she may 
have moved to Gotland at a young age.  In addition, a male (EMP33) was found buried 
with a brooch and possibly a bead, which is common practice in Viking burial (Carlsson, 
pers. comm., 2014).   
The other two individuals, however, were buried in ways that were much more 
suggestive of outsider status.  The two other foreign males (EMP45 and EMP50) 
individuals were not found with grave goods.  They might not have received any upon 
their burial, or they did not survive deposition.  However, these individuals were buried 
on the outskirts of the graveyard compared to other individuals, which could be further 
indication of their outsider status.  Additionally, the individual EMP50 was found lying 
on his back, which is not a common mortuary treatment in Viking culture.  This burial 
treatment could further be an indication of outsider status.   
In order to learn more about these foreign individuals and what may have brought 
them to Ridanäs, their location of origin must be determined.  Strontium isotope analysis 
is very useful for delimiting locals from non-locals, but while it is clear that four 
foreigners were buried in the Ridanäs graveyards, pinpointing their origin is difficult.  A 
limiting factor with strontium isotope analysis is that there is overlap in the 87Sr/86Sr 
ratios throughout the world, so while a cluster of locals appears to emerge, these 
individuals could technically be from any location where values range between 
0.70887—0.71666.   It is assumed for this project, however, that they are local 
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inhabitants.  The four outliers identified that clearly were not local to Ridanäs had 
87Sr/86Sr ratios that were much too different to have been from Gotland.  Other studies 
have obtained 87Sr/86Sr ratios from bioavailable sources around 0.7128 (Price et al., 2011; 
2012).  As was previously mentioned, older rocks, like granite, yield higher ratios, above 
0.720.  Limestone, conversely, is a younger rock and could not have 87Sr/86Sr ratios as 
high as the five extreme outliers.   
Placing the individuals from Ridanäs in a historical context is useful for 
determining possible origins of the non-locals.  It is more likely that foreigners of 
Ridanäs came from locations that were involved with the expansive trade network.  
Examination of foreign artifacts excavated at the site gives a general sense of the global 
reach of Ridanäs.  Because these artifacts ranged from the Arabic peninsula to the North 
Atlantic coast, their origin does not appreciably narrow down the possible origins of any 
of the individuals studied here.  Nonetheless, areas that maintained some type of direct 
contact with Ridanäs include mainland Sweden, Denmark, Norway, Germany, the British 
Isles, the east Baltic coast (Russia and Estonia, primarily), and possibly the Arabic 
empire.   
Using a process of elimination and data from other studies, attempts to hone in on 
a probable location of origin of the outliers can be made.  The data from the outliers in 
this study have very high 87Sr/86Sr ratios, which indicates that the strontium source 
originated from an older rock.  Therefore, all landmasses that are formed primarily of 
younger rock, such as basalts, can be eliminated.  Iceland is a site of active volcanism so 
its bedrock is geologically young.  It is not likely that Iceland was the origin for the 
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foreigners at Ridanäs.  The young rock is, as expected, reflected in low bioavailable 
87Sr/86Sr ratios: Price and Gestsdóttir (2006) obtained baseline values for Iceland, using 
modern sheep enamel, of 0.7059—0.7069. These values are well below those obtained at 
Ridanäs.   
Other strontium isotope analyses that have taken place throughout Scandinavia or 
areas of Viking colonization can also be useful in narrowing in on the location of the 
origins of the outliers.  A study of Neolithic burials in the Falbygden region of Southern 
Sweden resulted in 87Sr/86Sr ratios around 0.716 (Sjögren et al., 2009).  In this region, the 
authors examined burials located near megaliths and, like the current project, sought to 
determine if there were any non-locals buried there.  Studies of human enamel from 
localities between Bergen and Oslo (southern Norway) report values between 0.7077 and 
0.7323 (Åberg et al., 1998; Price and Gestsdóttir, 2006).  Human enamel from Anglo-
Saxon England ranges from 0.708 to 0.712 (Budd et al., 2000; Price and Gestsdóttir, 
2006).  Greenland has some of the oldest rocks on earth, with strontium isotope ratios 
(derived from the bedrock, rather than from bioavailable resources) at greater than 0.725 
(Price and Gestsdóttir, 2006).  The study of Trelleborg (Price et al., 2011) in Denmark 
showed 87Sr/86Sr ratios between 0.7096 and 0.7108 for the local baseline values.  These 
authors believe that values above 0.715 probably are found in individuals who came from 
the north of Scandinavia (Norway and central and northern Sweden).  Like Price and 
Gesdóttir (2006) noted, however, these higher ratios might also reflect northern parts of 
the British Isles.  Overall, the authors conclude that values in this range are much too 
high for southern Europe and southern Scandinavia.   
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The lowest value of the outliers in this study was at 0.72086, and suggests very 
old bedrock.  Anglo-Saxon England and central Sweden can, therefore, also be 
eliminated because their strontium isotope values are also too low.  Russia could be 
considered as a possible location of origin since Gotland in the Viking Age had a strong 
connection to Russia.  Since the geography and age of the bedrock of Russia is similar to 
Gotland, however, the values of the outliers could not have come from Russia, Estonia, or 
any other location on the East Baltic coast, as these areas reflect a lower strontium 
isotope value.  
The focus, then, remains on landmasses made up of older rock.  Greenland’s old 
bedrock has 87Sr/86Sr ratio values that are compatible with those of the outliers.  
Temporally, however, Greenland does not work.  The graveyards at Ridanäs were in use 
in the 7th—11th centuries AD but Vikings did not reach Greenland until the beginning of 
the 11th century.  Additionally, these first generation Greenlanders were originally from 
Iceland (Price and Gestdottír, 2006), which has already been excluded as a potential 
origin.  It is not possible, therefore, that the outliers from Ridanäs came from Greenland.  
Isotopic studies of Northern Sweden and Norway, however, have shown strontium ratios 
that are compatible with those of the foreigners at Ridanäs.  The 87Sr/86Sr values of the 
outliers range from 0.72086 to 0.7274563, so these individuals most likely did not come 
from the same region in Norway or Sweden.  It is most probable, though, that they did 
come from one of these two places since they match the high 87Sr/86Sr values.  
Despite its success as a lucrative trading port, Ridanäs did not attract foreigners to 
move there permanently.  Even with Gotland’s convenient location in the Baltic Sea for 
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the long distance exchange market, sea travel was restricted to summer months (Jones, 
1984).   Therefore, foreigners who wanted to take advantage of Gotland’s successful 
trade economy may only have lived or visited there during the warm weather (Price et al., 
2012).  Through this study alone, however, we cannot identify the presence of transient 
foreigners during the summer months. It is possible that these individuals were not 
foreigners who died during a trading voyage during the summer months.  Presumably, 
individuals were not buried during the winter months anyway when the earth was frozen.   
What information has been learned, then, about Gotlandic society during the 
Viking Age?  The data from this analysis strongly suggest that that the majority of 
Ridanäs residents were local inhabitants and that foreigners did not seek long-term 
residency there.  Many studies in Viking archaeology have pointed to the importance of 
mobility in Viking culture, but on this port of trade on Gotland, it is likely that long-term 
migration of non-locals did not occur often.  The hypothesis of the project was that there 
would be a presence of foreigners at the trading port Ridanäs because foreign artifacts 
pointed to contact with other cultures and it was thought that foreigners would come to 
take advantage of Gotland’s strategic position along Viking trade routes.  Strontium 
isotope analysis, however, has indicated that this is not the case, at least for permanent 
residency for the majority of residents.  Although we cannot attest to any short-term 
mobility that might have taken place, the overwhelming majority of these individuals 
were local to Ridanäs or the island of Gotland.  Despite the presence of numerous foreign 
artifacts from various corners of the Viking exchange network, it was mainly the artifacts 
that moved, not the people.    
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Similar results to this study were obtained from a study of Sebbersund, a Danish 
trading center (Price et al. 2012).  Like Ridanäs, Sebbersund had a small non-local 
population, the majority of whom were men.  The authors suggested that the non-locals at 
Sebbersund might have been Christian missionaries, because of the proximity of their 
burials to the Christian church.  While Christianity during the 11th century was slowly 
becoming more prominent in Scandinavian societies, it had not reached Gotland during 
the period in which the cemeteries included in this study were in use.  The foreigners, 
therefore, were not likely to be Christian missionaries.  While Christianity became more 
acceptable to Vikings in the late Viking Age and onward, it could not have been 
responsible for the mobility on Gotland in the time frame included in this study.   
Continuing research of other ports of trade on Gotland is needed to determine if 
habitation of trade centers by locals only was a common theme throughout the island.  
Was Gotland different from the rest of Viking Age Scandinavia?  Previously in this 
paper, the idea was proffered that Gotland’s location affected the amounts of foreigners 
living there at the time.  Although it held a strategic location for trade, its distance from 
the mainland may have deterred long-term migration.  The research at Sebbersund, 
Denmark (Price et al., 2012), however, showed that foreigners were not a common 
presence either.  Together, these two studies show that is that trading centers were 
operated primarily by the local population, with few long-term foreign residents.  
Mobility studies of the Viking Age have shown the Vikings as a mobile group but 
mainly as colonizers of foreign areas (Speed et al., 2004; Price and Gestdóddir, 2006).  
There are few studies that have revealed a large presence of foreigners on Viking lands.  
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A strong presence of foreigners was seen at Trelleborg (Price et al., 2011), but this 
location was a fortress where, presumably, military men were recruited to train.  
Additionally, most of these foreign individuals were assumed to have come from other 
parts of Scandinavia.   More studies are needed on Viking mobility as a whole, but at the 
port of trade on Ridanäs, it is clear that this group was chiefly local.  Most inhabitants of 
Ridanäs lived there from birth to death.       
Foreigners may show a higher rate of health strains or stresses compared to local 
populations (Burmeister, 2000).  With such a small sample size of foreigners, it is 
difficult to make any meaningful comparisons of health statuses based on age-at-death 
alone.  However, a paleopathological study of the individuals buried at Ridanäs may 
elucidate any health differences between the locals and the non-locals.  These foreigners 
may have been thralls, or, conversely, they may have been high status individuals who 
could afford the move to a new home.  Migration, as argued by Burmeister (2000), does 
not always result from economic hardships.  The burial of two of the four individuals 
with jewelry, however, is indicative that they were not thralls.   
The Vikings are known almost exclusively for their voyages abroad, and 
consequently, one expects evidence of a high level of mobility within Scandinavia and 
beyond.  This particular Viking community, however, did not show the expected 
evidence of mobility.  Ridanäs was a trading center that was controlled and run by the 
local community, but there was not a large presence of foreign individuals.  Many foreign 
artifacts are present despite the evidence that few foreigners sought long-term residency 
in this trading town.  The realm of mobility might have been left to the few Vikings who 
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participated in raiding, settlement, the military, and oversea trading voyages.  Swedish 
Vikings were not very involved with raids, but they were very much part of an expansive 
trade network.  The results obtained from this study, however, suggest that participation 
in trade did not require long-term residency changes, at least on the island of Gotland.  
The cost of making the move to Gotland—separated from the mainland by 56 miles of 
ocean—may have been greater than the potential for wealth accumulation at Ridanäs.  
Additionally, there remains the possibility that some of these foreigners died in Ridanäs 
during trading ventures, and subsequently did not make the return to their homeland.  
Ridanäs was comprised of a local population that worked in the trade industry and was 
involved in the circulation objects around the world, but the sojourners were not often 
incorporated into the local population.  
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CHAPTER VI: CONCLUSIONS 
 
The brief but dynamic period of the Viking Age (780-1070 AD) has made a 
lasting impact on much of the Western world.  Their advanced seafaring vessels that took 
them to unchartered new lands, fierce determination for expansion, trade, and settlement, 
the beauty of their iconic art and decorative style has kept interest in the Vikings alive 
amongst laypersons and academics alike.  Stories about Vikings have captured public 
imagination and according to Stojanowski and Duncan (2014), Vikings were part of the 
most popular press coverage of bioarchaeological stories over the past ten years.  While 
Viking enthusiasts might enjoy frequent news stories about this culture, Stojanowski and 
Duncan note that coverage in popular press does not reflect the foci of academic research.  
Continual scientific research about the Vikings, separated from the falsely perceived 
notions about them, should be encouraged in Viking studies (Cederlund, 2011; Näsman, 
2000).  Accordingly, an aim of this research project was to use scientific methods to 
further our understanding of the Viking culture beyond popular perceptions.  Strontium 
isotope analysis was used to determine whether 60 of the individuals buried at Fröjel 
were of local origin or not.  While it was hypothesized that many of these individuals 
were foreign, few actually were.   
This project was the first to use strontium isotope analysis on a Gotlandic Viking 
population.  Gotland, a Swedish island, was largely independent from mainland Sweden 
but still paid taxes to the Swedish king.  Located along the extensive Baltic Sea trade 
routes, Gotland’s location gave the Vikings who lived there prime access to the large 
exchange network that the Vikings created.  While trade in other parts of Viking Age 
	  	  
73 
Scandinavia was declining in the 10th century, Gotland was still prosperous (Sawyer, 
1971).  It has been stated numerous times that trade was integral to the Viking economy, 
but the importance of trade cannot be overemphasized for the Gotland economy and the 
trading port of Ridanäs.  Trade was the mechanism most responsible for bringing 
Swedish Vikings to distant locations: east across the Baltic to Russia and the Arabic 
empire, across the Scandinavian countries, and West to the British Isles.  In an 
examination of mobility through strontium isotope analysis, a new idea of mobility on 
Gotland during the Viking era has developed.   
There has been a recent trend in archaeology to view the Vikings as ambitious 
traders and to focus on their peaceful endeavors (Lidz, 2014).  This perspective is 
especially important for the study of Swedish Vikings, who traveled far distances in 
pursuit of trade.  Trade and the mobility of the Vikings are, in fact, predominant models 
used to explain the exchange processes of the Viking age (Quast, 2009).  Many 
archaeological studies in the past have used material culture as a means to examine 
migration or mobility, but strontium isotope analysis is becoming a common means used 
to identify individuals who are local versus individuals who are non-local.   
It was hypothesized that at a prosperous port of trade like Ridanäs there would be 
non-locals who came to take advantage of the trade economy.  This hypothesis was based 
on the fact that Vikings had expansive trade networks, ranging across most of what is 
now western and Eastern Europe, and even into the Middle East.  The hypothesis of an 
inclusive network that allowed foreigners to permanently to make a living at the Viking 
port of trade, for which there is evidence at Birka and other trading ports, was proved 
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incorrect at Ridanäs.  Rather, only four individuals, or just over six percent of the 
sampled population, was of clear non-local origin.  Furthermore, the origins of these 
individuals were likely within Scandinavia—Norway and Sweden were in particular 
strong possibilities because the old age of the underlying bedrock there matched the high 
ratios of the non-locals.  Thus, a very non-mobile image of Gotlandic Vikings has 
developed in juxtaposition to Viking culture that is traditionally seen as highly mobile.  
Strontium isotope analysis and studies of changes in material culture have thus far shown 
the permanent presence of Vikings in the British Isles, Anglo-Saxon Britain, Iceland, 
Greenland, and Russia.  Thus while Vikings settled outside of Scandinavia, results from 
this study suggest that non-Vikings did not often settle on Viking lands.   
It was attempted to determine from exactly where these foreigners were born.  
Unfortunately, there is no complete world isoscape of all bioavailable 87Sr/86Sr ratios.  
Without this information, it is difficult to pinpoint definite locations of origins of 
foreigners.  The Strontium Isotope Project, started by the International 
Sachsensymposion, works toward mapping of strontium isotope data determined through 
bioarchaeological finds (Grupe et al., 2011).  With enough data, this project could help 
determine regional isotopic profiles that will aid researchers using strontium isotope 
analysis.  Strontium isotope analysis was primarily developed for geological studies to 
determine the age of bedrock, and there are many maps of various parts of the globe with 
87Sr/86Sr ratios from the bedrock.  While geological maps of 87Sr/86Sr ratios are more 
complete than bioavailabe isoscapes, these ratios do not necessarily accurately reflect the 
87Sr/86Sr ratios that one would see in bioavailable sources of strontium (Bentley et al., 
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2002; Grupe et al., 2011).  One can make reasonable assumptions, however, about an 
area of origin using only geologically available data.   
Other isotopic analyses, such as with oxygen isotopes, are often employed to hone 
in on a region of origin.  Oxygen isotope analysis was based on the idea that different 
geographical climates will show different oxygen isotope ratios.  Oxygen isotopes found 
in apatite ultimately reflects the rainfall of a region and geographical factors such as 
elevation, latitude, and distance from water source will affect oxygen isotope values.  
Oxygen isotope values, presented as a ratio of 18O to 16O, have been mapped in many 
places across the globe (Price, 2013).  Oxygen and strontium isotope analyses combined 
have provided in other studies a more refined zone of where an individual might be from.  
The 87Sr/86Sr ratio from a woman buried in England was comparable both to England’s 
ratios and to those that occur in some areas of Norway.  Considering the study aimed to 
ascertain whether the individual was a Viking immigrant or native to England, the 
strontium isotope analysis did not sufficiently differentiate one location of origin from 
another.  Oxygen isotope analysis, however, indicated that the woman originated from a 
climate more similar to Norway than England.  For the current project, oxygen isotope 
analysis could similarly help constrain locations of birth of the outliers.   
Additional bioarchaeological studies of the population could shed more light on 
the nature of the foreigners at Ridanäs.  A paleopathological investigation would help 
determine whether or not there were significant health differences between the local and 
non-local populations.  Health differences sometimes correlated to status, and the status 
of the individuals buried at Ridanäs would help elucidate the nature of why foreigners 
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came to Ridanäs.  Foreigners with poor health may have been of a lesser class, such as 
slaves.  For example, evidence of malnutrition during childhood is thought to be visible 
in skeletal remains by the presence of malformations such as porotic hyperositis and 
cribra orbitalia (Ortner, 2003).  Other skeletal pathological conditions, such as 
osteomyelitis, are evidence of untreated infections (Ortner, 2003), which may have been 
more common in a lower-status class.         
The analysis of this research thus far has revealed that permanent foreigners were 
a rarity at Ridanäs, a Viking-Age port of trade on the island of Gotland, Sweden.  Only 
four out of the 60 individuals analyzed showed an isotopic ratio that was significantly 
different from that of the local population.  Foreigners may have been present only during 
the warm summer months, or they may have never resided there at all.  It is clear, 
however, that long-term migration to Ridanäs was not a common practice during the 
Viking Age.  
Although the Vikings were highly mobile as a culture, this study has shown the 
trading center of Ridanäs was mostly a local community.  Vikings may have only 
participated in migration when they were colonizing new lands, and the evidence from 
this research suggests migration within Scandinavia was less common than Viking 
expansion outward and settlement of new land.  Strontium isotope analysis of the 
prosperous port of trade of Ridanäs has shed new light on the lack of mobility that 
occurred within this insular community. 
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